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Champ de pression 
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3D : z=3/4L♦Experimental
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Champ de pression 
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3D : z=3/4L♦2D
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tueg^h]ikjmlnepoDqt (zoD^`roD}yljvqSl¦EHDD[q]of_Fh w t w oHqSl[¦H¦½v7rOoHegqSlnt
²µ}noHqSlnep\F}u_r]h]ekttuh]}h]q ^`jHepigikjvH_}njv¬q]igoszjvig_^`_FqDl µr]ight@turEzekjvig_^`_qSl_qSlu}n_ig_FtzFjvrsln_h]}t¦W_l
D #zoD^WrOoH}ulnjHqSl¦FaD§H§Haq]of_Fh w t w oDqDl@¦EHvaroDepqSlt²µ}uoDqDlnep\F}u_D ]cfh]}7z_@tu_FzoHq w ^`jHepigikjvH_Dfigj w _Fqtyeplu
w _@roDepqSlntUj`ln.ty_Fqtyeg«]ig_^`_qSlUjHh]H^`_FqDln_@tuh]}7h]q]_zoHhzZ]_ w _m^`^ jvhslnoHh]} w _.igjtylu}nhzluh]}n_ µoDq
j:igjHegtntuig_Ftjvhsln}u_Et-rjH}njH^`\lu}n_Ft-epqzZjvq]DFt*·^`o w \ig_ Ì ¿©_rtuepigoHq=j½H_Fz.ipoDe w _rjH}uoDe£ V J = $ =)='&  
 G J = $ =g=)='&_l.feplu_Etutu_`}u_ w h]eplu_£:$ %,  !  ±*_Ft}nFtuh]iplnjmltoH«sln_qfht@tuh]}@ip_4zZjv^`r w _Wr}u_EtutuepoDq
 epDh]}u_#  q]_ w epO\F}u_FqDl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£`i¯® j½½jHi w hSjv} w _¿¯²µoHhjv^`oHqSlE ±*j`}n_r]}nFtu_qSljmluegoHq w h¢zZjH^Wr w _@Seplu_Etutu_  egHh]}n_W epq w egªSh]_ªSh]_
ikjipoDq]Hh]_Fh]} w _@z_lylu_}n_Fzep}zh]ikjmlnepoDq4_Ftyl/«_EjvhzoHh]r	r]ight[H}jvq w _ w jHqt[ig_zFjHt w h	^jvegipikjvD_-H}noDtntuep_F}
ªSh]_ w jvqtig_	zFjHt w hM^jHepigigjHH_qQ  UqM}n_^jv}ªSh]_4Sjvig_^`_qSlªSh]_	ikj¢r]}n_FtntyegoHqM}u_Etln_ªShjHtueg^W_FqSl
zoHqtylnjHqSlu_ w jvqt°ig_Ft~ÀFoHq]_Et~o)f`ikj@fe³ln_Ftnty_/mjv}neg_/r_FhoHh`rjHtntu_/rjv}°hq_{flu}n_^h]^Åigoszjvi¯ #_Ft~Hh]}n_Ft
q_@igjHegtnty_FqSl7rjHt7jHr]rjH}nj`jgln}u_ w ® jv^`igepoD}njvluegoHq	}uF_igip_ w _Ft/}nFtuh]iplnjmlt7jvr}u\Et[}njv¬`q_^`_qSl w h^jvegigigjHH_H 
























Champ de pression 
numerique maillage fin
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numerique maillage grossier
◊ ◊ ◊ ◊ ◊



























◊ ◊ ◊ ◊ ◊
◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊
◊
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oHh}z_4ªSh]e°_Etl w hzZjv^`r w _-r]}n_FtntyegoHq`rjH}­_{f_F^`r]ip_DDi¯® __l/ty_/ln}nj w h]epl#rjH}­h]q_-}n w hzluegoHq w _Et­D}nj w eg_qSlnt w jvqt
ip_Et/ÀoDq]_Ft w _@i¯® oH«tylnjDzig_ªSh]eÂr}uEty_FqDln_qSl w _²µoH}ulu_Et[mjv}negjvluegoHqt w _@DoH^`lu}nep_  egHh]}n_@ ¤ 

 h]q rjHt w _lu_F^Wrtlu}noHr¢²ÕjHep«ip_%  GJ &$ p=   £fe³ln_Ftnty_W}uF_igip_ -zoHq w h]e³l.£ w _Ftegqtylnjv«epige³lnFtqfh]^`}negªSh]_Et[roDh]}/ip_@^`o w \Fip_.¹Wº».j½H_Ez-igoHe w _rjv}noHe¯ 















Champ de pression 
numerique dt=0.0005s
◊ ◊ ◊ ◊ ◊
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◊
numerique dt=0.05s
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p=g= ¤ 
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ikj¢^jDªDh_lyln_ w _¸egipikjvh  epDh]}n_§ .o)fKikj5tu_hip_ w e³}n_qz_tu_qtyeg«]ig_tuh]}ufeg_qSl w jvqtigj5ÀoDq]_ w _
}n_Fzep}zhigjvluegoHq:Dq]F}uF_Urjv}/ig_@Djv} w _¿B²µoDh:jv^`oHqSlE 
±*_Fttyeg^higjvluegoHqtoHqSl6jvhtntyef}nDig#ªSh]_ipoD}ntnªSh]_CV/_Etl6lu}noHr.²Õjveg«]ip_ w _i¯® oH} w }u_ w _ p=   rOoHh]}°¸egigigjHh ¤
i¯® FzoDh]ig_^`_qSlQq]_­tu_­tylnjH«]epigekty_~r]ight*_q@ÀoDq]_ w _°r}uoszZ]_~rjH}uoDeB |oDh]}Qig_Ft*tueg^h]ikjmlnepoDqtq]oHhtQr]}u_Fq w }noHqt
V JL= $ =)= &  ªSh]e(zoHqtlne³lnh]_h]qzoH^`r]}noH^`ekt[_l7jHtntuh]}u_ikjW½jHipe w eplu w _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Champ de pression 
numerique delta=0.005
◊ ◊ ◊ ◊ ◊
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experimental numerique k-epsilon loi de paroi
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Champ de pression 
numerique U/10
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experimental numerique U reelle
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= I F YÄ ; ÈHÉÕ(<ÕÄ ;  ) $f`Æ $SFÆF
´-oHht/}n_lnep_Fq w }noHqt w _.z_Ftln_Ftylnt w _.tu_qtueg«]epigeplu°·

 ªSh]_#ig_Ft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Champ de pression (capteur 46) 
U/10 U reelle
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experimental numerique : delta=0.01
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Champ de pression 
experimental numerique : k-epsilon avec loi de paroi
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Champ de pression 
numerique : k-epsilon sans loi de paroi













× × × × × × × × × ×






































× × × × × × × × × ×
×
×



















 $+, ]*]"  (*
%+  ].%. ; JZ= 9  &. !03&]]
2' * , .+ %(
#"3!#+.
^_^ ß`/a!b&cd
D   &"!") , ,-//.#"! &

ªShjDtye~tuxf^Wlu}negªSh]_htnªShQ® jvh ^Wegigep_Fh w h rOoHqSlFQoDq5}n_ig\D__Fqtyhe³ln_ w _W²µoH}ulu_Ft w ektntyxf^`ln}ueg_FtzoD^`^W_
_Fq	jvlyln_Ftylu_@Sjvig_^`_qSl/ig_zZjv^`r w _@r]}u_EtutuegoHq epDh]}u_.Ha' 
±(j egHh]}n_5DKr]}nFtu_qSlu_¢ig_Ft	zZjH^Wrt w _ r]}n_FtntyegoHq jHhsluoDh]} w _=i¯® oD«tylnjHzip_5egtntyht w _=iB® _{srO}nep_Fqz_
µzZ]eg_}   #    _l w h`zjHigzh]iB m±*_Ft6igepDq]_Ftr]ightq]_Et6epq w egªSh]_FqSl6ig_Ft6egqSlu_F}umjvigig_Ft w _/zoDqsjvqz_[£§S
ÕepqSln_}n½jHipig_[z_qSln}u£-ikj-^`omxD_q]q]_D w _#ikjv}nH_Fh]}DjHip_£UªShjvlu}n_­Ezjv}ulnty¿¯lxSrO_Ft ¤ m¸jHipD}u#ip_Et w e³}n_qz_Ft
oDqK}n_lu}noHhH_ w _Et.ln_q w jvqz_FtWzoH^`^h]q]_FtWªSh]e[r_Fh]H_FqSligH\F}u_F^`_qSl w ep}n_}W_qMjH^Wripepluh w __lW_Fq
rOoDtuepluegoHq w jvqtWi¯® _EtyrjDz_D Uq q]ovln_}j¢_FqMrjH}ylnegzh]ipeg_} w jHqtWip_EtW}uEtyh]iplnjvlntWqfh]^`}negªSh]_Eti¯® _{segtylu_Fqz_
w ® h]qMroDepqSl{f_ w _}n}ueg\}n_i¯® oD«tljHzip_:£¢Zjvhsln_h]} w hMzFjvrsln_h]}aff  Uq¼q]ovln_}jSjvig_^`_qSlikj²µoH}ulu_
mjH}uekjv«]egige³ln w hzZjv^`r w _@r]}n_FtntyegoHq w jvqt/ip_Et[ÀoDq]_Ft w _ w ljHzZ]_F^W_FqSlntluoDh]}n«]epigigoHq]qjHep}n_FtBzjHrslu_Fh]}nt
D£4 w jHqt[ig_.ty_Fqt[epqfD_}ty_ w _Ft/jHepDh]egipig_Ft w ® h]q]_@^`oDqDln}u_ ¤ 
	H 







2	3&&"      ,
/
    
Ëi/_Etl`roStutueg«]ip_ w _	^`_lyln}u_	_q fe w _qz_ig_ w ljHzZ]_F^W_FqSllnoHh]}n«]egipigoHq]qjveg}u_}u_Fr]}uEty_FqSlutuh]}Wigj
egHh]}n_`H_qjvqjHipxstnjvqSl w _EttyF}ueg_FtUlu_F^`roD}u_Fipig_Ft w _zjHrslu_Fh]}ttuxf^`lu}nekªDh_Ftrjv}}jvr]rOoH}ul£	i¯® jv{s_
r}uegqzegrjHi w _igj^jDªDh_lyln_H *±(j (egHh}u_4D^`oDqDln}u_`i¯® F^`egtntyegoHqjviplu_F}uq_ w _`luoDh]}n«]epigigoHqt BzoDh]}u«O_Ft
_Fq oDr]rOoDtue³lnepoDq w _r]ZjDty_ £ h]q_:²µ}nFªSh]_Fqz_ w _i¯® oD} w }n_ w _	aS -ÀH ~´7oDht`oH«sln_q]oDqt w jvqtWz_zjHt
r}uEzekthqMq]oD^«]}n_ w _cflu}noHh]ZjHi    J = $  :s °#_lulu_mjvig_h]}tu_^«]ip_	_q jHzFzoD} w j½D_Fz:ip_EtmjHip_Fh]}nt
w _ikj:igeplyluF}njvluh]}n_jHepqtye~ªShQ® j½H_Fzz_Fipig_FtU}njHr]rOoH}ulu_Et-rjv}W¥p¦¨6rOoHh}ig_Fttuep^h]ikjmluegoHqtUj½D_Fz.ig_W^Wo w \Fip_
ikjv^`egqjveg}n_H Ëi#²ÕjHhslq]ovln_}luoDhslu_²µoHekti¯® jv«tu_qz_ w _:Êhz¤luhjmluegoHq rF}uego w ekªDh_ w _r]}n_FtntuepoDq w jvqtWig_Ft
}nFtuh]iplnjvlnt[_{srO}nep^`_FqDljvhs{Â 
= = > ? $fÈvÆ<µÄ ; $SÈHÆ  ; T*É /< $) BpRM <µE $sÈS
±*_#^jvegigigjHH_­h]luegipekty/zoH^`roD}yln_§fm§S[roDepqSlt(rjv}~zoDhzZ]_ w oHqSl¦EHHa-tyh}ikjtln}uhzluh]}n_H m±(j7fe³ln_Ftnty_
£i¯® _FqDln}uF_U_Etl w _  : $ ,  !D D±*_Ft}uEtyhi³ljmlntr]}nFtu_qSlnFtzep¿©jHr]}u\Et­oDqSlluoH«sln_qfhtrOoHh]} V J = $ =  = 
±(jepDh]}u_#S#r]}nFtu_qSlu_ w _FtQ}nFtuh]iplnjvlntQjHqjvigoHDh]_FtÂ£7z_hs{ w _°ikj egHh]}n_°D]  Uq@}u_F^jv}ªDh_~igj7tuxf^`lu}neg_
w _Ft}nFtuh]iplnjmlt`_{srO}nep^`_qSljvhs{  zZ]eg_}       4_l4ig_h]}²ÕjHep«ip_¢mjH}uekjv«]egige³ln	_FqSlu}n_ip_Et4zjHrslu_Fh]}nt¦
_l4Ds °#_lulu_tuxS^`lu}nep_	_Ftyl}u_Etlne³lnh]_	rjv}`ig_zo w _H ~¡~qSln}u_ig_Ft`zjHrslu_Fh]}nt`D5_lHaip_Et`}uEtyhi³ljmlnt










* !    &!4U"&! #
2#" * 
2	3&."C    ,U  
      















Champ de pression 
numerique
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Champ de pression 
Capteur 39 Capteur 55
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Champ de pression 
Capteur 39 Capteur 55















Champ de pression 
Capteur 39 Capteur 55
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